In a previous study, we focused on estrogenic activity of the hexane extract of diesel exhaust particles (DEP). The extract of hexane was first fractionated to acidic, phenolic and neutral portions according to their chemical properties, of which the neutral fraction was fractionated by column chromatography on silica gel. The chemical structures of compounds in these fractions were then analyzed. It was found that the neutral fraction of the hexane extract of DEP contains dibenzothiophene derivatives, one of which, 4,6-dimethyldibenzothiophene, possesses estrogenic activity. Key words diesel exhaust particle; estrogenic activity; 4,6-dimethyldibenzothiophene; endocrine disruptor Increasing levels of chemicals in the environment are affecting human health by disrupting normal endocrine functions through interactions with hormone receptors to mimic endocrine functions.
Increasing levels of chemicals in the environment are affecting human health by disrupting normal endocrine functions through interactions with hormone receptors to mimic endocrine functions. [1] [2] [3] [4] [5] [6] [7] However, there has not been sufficient study on the endocrine-disrupting effects of chemicals in exhaust gas emitted by diesel engines. Here we report the detection and identification of compounds in diesel exhaust particles (DEP) that possess estrogenic activity.
In a previous study, we found that extracts of DEP possess estrogenic and anti-estrogenic activities. 8) In order to examine the estrogenic compounds in DEP in more detail, the extract of hexane was fractionated into acidic, phenolic and neutral portions according to their chemical properties.
9) The neutral portion was further fractionated into several fractions by gravity column chromatography on silica gel. In one of the fractions that showed estrogenic activity, a few sulfurcontaining aromatic compounds were detected by analysis of the MS and 1 H-NMR spectral data, one of which was identified as 4,6-dimethyldibenzothiophene (DMDBTP) by comparison of the data with those obtained from an authentic sample. It was found that 4,6-DMDBTP possesses estrogenic activity.
MATERIALS AND METHODS
Reagent 4,6-DMDBTP, which was used in this study, was purchased from Aldrich Chemical Company, Inc. (Milwaukee, WI, U.S.A.) and recrystalized from ethanol.
Diesel Exhaust Particles DEP were harvested from the diesel exhaust of a 4JB1-type engine produced by Isuzu Automobile Company, Tokyo, Japan, as described previously. 10) DEP were produced from the diesel exhaust of light oil containing 0.02% sulfur. The DEP were kept in a sealed bottle at Ϫ20°C in the dark.
Isolation and Identification of 4,6-DMDBTP from DEP Compounds in DEP were first extracted successively with hexane, benzene, dichloromethane, methanol, 1 M ammonia and 1 M HCl as described previously.
8) The hexane extract was then fractionated into acidic, phenolic and neutral portions.
9) The neutral fraction was further subjected to column chromatography on silica gel and eluted with cyclohexanechroloform. The relatively polar fractions thus obtained showed estrogenic activities. The fractions were analyzed by GC-MS and 1 H-NMR. Assay of Estrogenic Activity Yeast (Saccharomyces cerevisiae) expressing the human estrogen receptor and responsive elements regulating the expression of the reporter gene for b-galactosidase (hER-yeast) was kindly provided by Prof. John P. Sumpter, Brunel University, Uxbridge, U.K. This strain was developed in the Genetics Department at Glaxo Wellcom, plc (Stevenage, Harts, U.K.).
Estrogenic activity was determined by a recombinant hERyeast screen according to the method of Routledge and Sumpter 4) after partial modification, as described previously.
11) RESULTS AND DISCUSSION
Estrogenic compounds in the neutral fraction of the hexane extract of DEP were fractionated by column chromatography on silica gel, and the chemical structures of compounds in these fractions were analyzed using GC-MS and 1 H-NMR. One of the estrogenic fractions contained 4,6-DMDBTP, whose GC-MS chromatogram and the chemical structure are shown in Fig. 1 Figure 2 shows the distinct estrogenic activity of 4,6-DMDBTP, which was observed dose-independent response, as shallow M-shaped. GC-MS showed the 4,6-DMDBT in DEP to be 250 mg/kg of DEP.
In this paper, compounds responsible for estrogenic activity were first time isolated from DEP and identified.
On the correlation of chemical structure of the compound and the estrogenicity, the importance of the phenolic hydroxyl group for the estrogenic activity was reported.
2) In this respects, Elsby et al. reported that an ability to fit into the large hydrophobic cavity of the receptor is important for the estrogenic activity. 12) It has been reported that 4,6-DMDBTP is present in DEP as well as in light oil as a sulfur-containing constituent and that the ratios of concentrations of alkyl dibenzothiophenes in DEP are the same as those of the parent sulfur-containing polycyclic aromatic hydrocarbons (PAHs) in fuel.
13) It has also been shown that 4,6-DMDBTP in fossil fuels is one of the most difficult compounds, among the PAHs, to be removed by catalytic hydrodesulfurization. 14) Another compound, 2,8-DMDBTP, was also isolated from the neutral fraction of the hexane extract and identified. This compound was also found to possess estrogenic activity. It is possible that these compounds or their metabolites could serve as estrogen mimic compounds in the body. Experiments on the estrogenic activities of those compounds using human breast cancer cells MCF-7 and animals are in progress. Studies to isolate and characterize other compounds in DEP possessing estrogenic activity are also in progress. Vol. 25, No. 1 
